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Purpose of the model?
= Understand composition of US LDV stock through 2050

= AEVs compete for market share given technology and fuel costs and vehicle inconveniences
* Tracks GHG emissions and fuel use
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Purpose of the model?
= Understand composition of US LDV stock through 2050

= AEVs compete for market share given technology and fuel costs and vehicle inconveniences

= Understand GHG emissions and fuel use

= Sensitivities to commodity prices, technology advancements, policy ...
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Purpose of the model?
= Understand composition of US LDV stock through 2050
= Sensitivities to commodity prices, technology advancements, policy ...

How does the model work?
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Vehicle Sub-model
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Generalized Vehicle Cost

Recurring Costs
* Fuel
* Annual incentives
* Range penalty:
S value of time X time
spent refueling
Amortized Upfront Costs
* Purchase Price
* One time incentives
* Infrastructure penalty:
$ value exp[-a nj/n,, ]
* Value of model diversity:
In(m,/mg)

Nested Logit Choice
Function for
Powertrain

Selection SALES




Purpose of the model?

= Understand composition of US LDV stock through 2050
= Sensitivities to commodity prices, technology advancements, policy ...

How does the model work?

= Feedback between energy and vehicle stock
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Purpose of the model?

= Understand composition of US LDV stock through 2050

= Sensitivities to commodity prices, technology advancements, policy ...
How does the model work?

= Feedback between energy and vehicle stock

= Run thousands of times to create scenario library and probe sensitivities

How has the model evolved?




How has the model evolved?
= 2010: internally funded program to understand energy / LDV stock dynamics
=  Added vehicle technologies
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Parametric analysis of technology and policy tradeoffs for conventional and electric light-duty vehicles. Energy Folicy
A parametric study of light-duty natural gas vehicle competitiveness in the United States through 2050. Applied Energy

A parametric analysis of future ethanol use in the light-duty transportation sector: Can the US meet its Renewable Fuel Standard goals
without an enforcement mechanism?. Energy Folicy

The implications of modeling range and infrastructure barriers to battery electric vehicle adoption. Transporiation Research Letters
History v. Simulation: An analysis of the drivers of alternative energy vehicle sales, \Manuscript submitted for publication

= Continual updates for evolving input data:

= Added ‘validation’ capability — allows lookback analysis
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Autonomie projections, AEO projections, vehicle registration data, GREET emissions, state laws
and incentives, refueling station densities
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Purpose of the model?

= Understand composition of US LDV stock through 2050

= Sensitivities to commodity prices, technology advancements, policy ...
How does the model work?

= Feedback between energy and vehicle stock

= Run thousands of times to create scenario library and probe sensitivities
How has the model evolved?

= Capability, technology additions — response to OEMs, to support new projects

= Data updates —to support new work and keep model current

What have we learned looking back?

Study: Compare simulated and actual sales fractions of AEVs from 2010

Remove uncertainty by looking back (rather than parameterizing):
* Energy and fuel prices
» State of technology
« Policy
» Consumer demographics
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Diesel vehicles- simulation capturing trends and scales, vehicle
model availability is very important

Simulations using historical data for energy prices, technology costs,
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Simulation is capturing consumer responses to changes in commodity prices and
other market factors. WWe CAN capture sensitivities.

Garbage in, garbage out: if input projections are off, so are the output projections.




Hybrid Vehicles- simulation capturing long term trends and
scales
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PEVs — model availability is important, early adopter segment may be

All Model Availability

0.010 PHEV10 0.0040 PHEV40 0.010 all PHEVs
ese Simulatedy
» Actual
0.0035 .
0.008 0.008 L)
3 0.0030 g o
50,006 0.0025 } 0.008 Simulation matches
g 0.0020] L. e less well if all
o % X [ X .
15 0.004 0.0015 . N/ 2 0.004 e o models considered.
[§) . ° id
© X\ % X ° X
— X ><>S<
- 0.0010 ol f R “she \/ X x
0.002 Yoo N d o 0.002 K 3
0.0005( / X%
O'OOQZOII 2012 2013 2014 2015 0'00002011 2012 2013 2014 2015 0'000‘2011 = 2012 2013 2014 2015
Non-Luxury (< $70k) Model Availability
0.010 PHEV10 0.0040 PHEV40 0.010 all PHEVs _
ese Simulated
s Actual
0.0035
oo 0.0030 0-008 Simulation matches
= x better if only non-
g 0.006) 0.0025 x 0.006 L]
% L ' ) luxury models
0.0020 S N .
S : oo - considered.
g 000 0.0015 [ X o 0.004 X e
o X x X X
- X <
e x X o X
w 0.0010 o 93 VAR N A » | Though there are
0.002 . 0.002 eofse . .
0.0005/ ./ N ol ~ | obviously still some
< i un-captured trends.
0'0002011 2012 2013 2014 2015 o'000(12011 2012 2013 2014 2015 0'0002011 2012 2013 2014 2015 p
fh et 13
Laboratories




Conclusion

Purpose of the model?

= Understand composition of US LDV stock through 2050

= Sensitivities to commodity prices, technology advancements, policy ...
How does the model work?

= Feedback between energy and vehicle stock

= Run thousands of times to create scenario library and probe sensitivities
How has the model evolved?

= Capability, technology additions — to support new projects

= Data updates —to support new work and keep model current
What have we learned looking back?

= Simulation captures trends in consumer behavior, scales of sales

= Vehicle model availability is important and complex to model

= Early adopter segmentation is likely important
How has looking back pointed us forward?

= Have added confidence in the simulation dynamics

=  Will incorporate early adopter segment, look carefully at model availability
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BEVs— early adopter segment is important to simulate
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Purchasing incentives are important to consumers.

Baseline: S-Curve Model Availability
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PHEV makes, models, and approximate ranges and prices

eRange MSRP
Make & Model (miles) (S1000) Years
PHEV10s (25mi or less eRange)
BMW i8 15 136 2014-2015
Ford C-MAX Energi 20 32 2013-2015
Ford Fusion Energi 20 36 2013-2015
Honda Accord 13 40 2014
McLaren P1 19 1150* 2014-2015
Porsche 918 Spyder 12 845 2015
Porsche Cayenne S 14 76 2015
Porsche Panamera S 16 99 2014-2015
Toyota Prius 11 31 2012-2015
PHEV40s (26mi or greater eRange)
BMW i3 REX 72 46 2014-2015
Cadillac ELR 37 75 2014-2015
Chevrolet Volt Kyl Kyl 2011-2015

Fisker Karma 33 102 2012
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